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O R I G I N A L  A R T I C L E
Global significance of seagrass fishery activity


































sold	or	used	as	bait.	 In	the	coastal	communities	of	developing	countries,	 the	 impor-
tance	of	the	nearshore	seagrass	fishery	for	livelihoods	and	well-	being	is	irrefutable.	In	
developed	 countries,	 the	 seagrass	 fishery	 is	 often	 recreational	 and/or	 more	 target	
	species	specific.	Regardless	of	location,	this	study	is	the	first	to	highlight	collectively	
the	 indiscriminate	 nature	 and	 global	 scale	 of	 seagrass	 fisheries	 and	 the	diversity	 of	
	exploitative	 methods	 employed	 to	 extract	 seagrass-	associated	 resources.	 Evidence	
presented	 emphasizes	 the	 need	 for	 targeted	 management	 to	 support	 continued	
	viability	of	seagrass	meadows	as	a	global	ecosystem	service	provider.

































to maintain food security.
It	is	important	to	recognize	the	value	of	different	habitats	in	sup-
porting	fisheries	productivity	and	to	understand	how	fishery	activity	
influences	 different	 habitat	 types.	 For	 example,	 different	 types	 of	





with	 improved	 chances	 of	 success.	 Seagrass	 ecosystems	 contribute	
to	fishery	productivity	globally,	but	information	about	the	intricacies	
of	how	this	productivity	is	directly	exploited	from	seagrass	meadows	















fisheries	 catch	makes	 up	 one-	quarter	 of	 the	 global	 total	 catch,	 and	
the	majority	 of	 the	 catch	 in	many	developing	 countries	 (Too	Big	To	
Ignore	 2017;	 Chuenpagdee,	 2011;	 Pauly	 &	 Charles,	 2015).	 Many	
small-	scale	 and	 artisanal	 fisheries	 are,	 however,	 still	 not	 included	 in	
such	 statistics.	A	 specific	 example	 of	 this	 is	 the	 extensive	 shallow-	
water	fishery	conducted	within	seagrass	ecosystems	(Jackson,	2001;	
Nordlund,	Erlandsson,	de	la	Torre-	Castro,	&	Jiddawi,	2010;	Nordlund	
&	Gullström,	 2013;	 Kleiber,	 Harris,	 &	Vincent,	 2015).	 This	 shallow-	
water	fishery	includes	“gleaning”	activities.	Here,	we	define	gleaning	
as	fishing	with	basic	gear,	including	bare	hands,	in	shallow	water	(not	

















habitats,	 the	 methods	 used,	 target	 species	 and	 how	 fishers	 access	
seagrass	fishing	grounds.	We	investigated	36	case	studies	across	the	
globe	and	analysed	data	across	the	six	seagrass	bioregions	(Figure	2;	





The	present	 study	 examined	 fisheries	 activity	 in	 seagrass	meadows	
globally	 using	 empirical	 data	 based	 on	 expert	 elicitation	 (see	 e.g.,	
Martin	 et	al.,	 2012	 and	 Grech	 et	al.,	 2012)	 and	 a	 literature	 search.	
A	 questionnaire	was	 used	 to	 collate	 expert	 knowledge	 on	 seagrass	
fishery	activity	across	the	globe	during	June-	July	2015	and	July	2016	
(Appendix	 S1).	 Experts	 are	 defined	 as	 “anyone	 with	 relevant	 and	






and	associated	 fishery	activity	 in	 their	 specific	 research	 region.	The	
geographical	area	on	which	the	experts	based	their	responses	was	de-
cided	by	 each	 respondent’s	 own	 research/conservation	 experience.	
Four	overarching	questions	about	seagrass	fisheries	were	used:	(i)	For	
what	purpose	are	 fishers	 fishing	 in	 the	seagrass	habitats?	 (ii)	Which	
fishing	methods	are	used	 in	 seagrass	meadows?	 (iii)	What	does	 the	
seagrass	fishery	target?	and	 (iv)	How	do	fishers	access	the	seagrass	
areas?	Experts	were	also	asked	to	provide	evidence	of	seagrass	fish-
eries	where	possible	 through	published	 literature	 and	photographic	
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records.	Expert	opinions	were	gathered	and	considered	with	respect	
to	 global	 seagrass	 bioregions	 (Short	 et	al.,	 2007)	 and	 the	 Human	
Development	 Index	 (HDI).	Global	 seagrass	 bioregions	 are	 based	 on	




a	decent	 standard	of	 living	 (UNDP-	HDR	2016).	This	 approach	ena-
bled	us	to	investigate	both	ecological	and	social	aspects	of	seagrass	










the	 same	 geographical	 region,	 these	were	 combined	 into	 one	 case.	
Two	 responses	were	 not	 included	 in	 the	 statistical	 analysis	 as	 they	
were	submitted	after	closing	of	the	survey,	but	as	one	of	these	cases	
overlapped	with	another	geographical	 region	 its	additional	 informa-
tion	was	included	in	the	description	of	case	studies	(the	total	number	
of	individual	cases	was	38	before	combining	and	discarding).
To	 determine	 the	 validity	 of	 the	 findings,	 as	well	 as	 to	 fill	 out-










































taken	 because	 each	 bioregion	 reflects	 differences	 in	 seagrass	 com-
munity	composition	(Short	et	al.,	2007).	There	are	seven	cases	from	
Temperate	 North	 Atlantic	 (bioregion	 1),	 six	 cases	 from	 Tropical	
Atlantic	 (2),	 four	cases	 from	the	Mediterranean	 (3),	 four	cases	 from	
Temperate	North	Pacific	(4),	eleven	cases	from	Tropical	Indo-	Pacific	
(5)	and	four	cases	from	Temperate	Southern	Ocean	(6).
The	 distribution	 of	 seagrass	 species	 differs	 across	 the	 world′s	
bioregions,	as	described	by	Short	et	al.	 (2007).	Bioregion	1	has	typ-
ically	 low	 seagrass	 diversity	 with	 five	 temperate	 seagrass	 species,	
which	all	grow	primarily	 in	estuaries	and	 lagoons.	Bioregion	2	has	a	
relatively	high	diversity	of	ten	tropical	seagrass	species.	In	this	region,	
the	 seagrass	 often	 grows	 on	 back	 reefs	 and	 shallow	banks	 in	 clear	
water.	Bioregion	3	has	nine	seagrass	species	comprising	a	mix	of	tem-
perate	and	tropical	species	that	grow	in	clear	water	in	vast	and	rela-




seagrass	 diversity	 and	 has	 18	 temperate	 species	 spread	 across	 the	
region.
Furthermore,	all	countries	represented	by	the	36	case	studies	were	
categorized	according	 to	 the	HDI,	which	 reflects	 low,	medium,	high	
or	very	high	human	development	(Human	Development	Index	(HDI)	|	
Human	Development	Reports	2017).	There	are	four	cases	categorized	




The	 statistical	 analyses	 are	 based	 on	 the	 expert	 opinion	 data	 for	
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selected	as	dominant	and	these	are	displayed	as	vectors.	All	multivari-
ate	PCA	analyses	were	made	with	Primer	v7.
Patterns	within	 the	 data	 displayed	 in	Table	1	were	 also	 broadly	
summarized	through	the	use	of	correlation	analysis.	All	combinations	
of	correlations	between	the	“occurrences	data”	of	the	four	key	ques-
tions	were	 completed.	 For	 example,	 number	of	different	 gear	 types	
used	in	seagrass	fisheries	versus	number	of	different	types	of	trans-
port	modes.	The	data	in	Table	1	are	also	summarized	in	boxplots	with	
respect	 to	answers	 to	 the	key	questions	and	HDI.	Furthermore,	we	
compare	all	seagrass	fishery	gear	types	with	those	of	the	international	




2.3 | Seagrass fisheries—a global review
Our	 study	 shows	 that	 seagrass	 fisheries	 are	 present	 in	 all	 seagrass	
bioregions.	 These	 are	 commonly	multispecies	 and	multigear	 fisher-
ies	 (Table	1).	 An	 overview	 of	 all	 36	 cases,	with	 a	minimum	 of	 four	
cases	per	bioregion,	arranged	according	to	bioregions	can	be	seen	in	
Table	1.	The	same	table	but	arranged	according	to	HDI	can	be	seen	
in	Appendix	S2.	Details	of	all	cases	 (including	 the	 findings	 from	the	
literature	 review),	 arranged	 after	 country	 of	 geographical	 area,	 and	
additional	 information	about	seagrass	fisheries	from	the	experts	are	
presented	in	Appendix	S3.




















Across	 all	 cases,	 the	 most	 common	 gears	 used	 are	 (in	 descending	






















2.6 | Target species in the seagrass
Globally,	 the	most	 commonly	 targeted	 invertebrates	 in	 seagrass	 ap-





cucumbers,	 small	 fish	 for	 drying,	 aquarium	 trade	 species,	 seahorses	
and	sharks	(Table	1).	PCA	of	the	target	data	determined	five	principal	
components,	which	all	 had	eigenvalues	greater	 than	1	and	 together	
accounted	for	62%	of	the	variability	in	the	data.	The	first	two	principal	
components	accounted	cumulatively	for	37%	of	the	variability.	Within	
the	 dominant	 component	 (PC1),	 no	 variables	 correlate	 with	 PC1	










2.7 | Accessing seagrass fishing grounds
Seagrass	 meadows	 are	 most	 commonly	 accessed	 by	 motor	 boat,	
thereafter	by	 foot	 and	 snorkelling.	The	most	unlikely	way	 to	 access	
the	seagrass	is	by	SCUBA,	thereafter	swimming	and	sailboat	(Table	1;	
Appendix	S3).	Bioregion	5	 (Tropical	 Indo-	Pacific)	 is	 characterized	by	
higher	 diversity	 of	 gear,	 and	 a	wider	 diversity	 of	 target	 species	 and	

























































































































































































































































































































BIOREGION 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6
HDI 4 4 4 4 4 4 4 3 3 3 4 3 1 4 4 3 3 4 4 4 4 4 2 4 3 2 4 4 2 1 1 1 2 4 4 4
Finfish, subs is tence I Y N R N C R Y C C V C Y R Y V R Y N Y N V V R Y V V V V V U R
Finfish, income Y Y C N Y V C R Y Y C C V V Y V Y V V Y N C N V V Y Y V V V C C R C C
Invertebrates , subs i s t. Y N N R U C N Y R R V R R U Y V R Y N R N V V R Y V V V V N U R
Invertebrates , income C Y N V V C C Y Y R N V V R U Y V V Y N R N V V Y Y V V R C C U Y C
Recreaon (eaten) Y V Y C R V C C I Y Y C N R C C C Y V R Y Y C Y V C V Y V U U U C V V
Recreaon (sold) I Y R V U N I Y U N R C R I Y R R Y Y R U V C N Y V U U N N R
Curio trade, e.g. shel ls N N N R R R C N R N R I C U Y I N Y N C N V C R Y V V U C N R N
Bait col lecon Y Y N V R R R Y Y U N C C I I Y U R Y N V Y V C V Y R R U R V U I R
Col lecon by hand C U N N N U Y C R Y U R N N N N I C N N Y R C V V R Y V V C V R U R R
Pump Y R I N N Y I I N N N N N N N N I R N C N N N I U R I U N N I V U R
Rake I N I N N Y V N N N N N N N N N I C R U N I N C C R I U N N N N U U C
Sck, not sharp I N I N N U U Y I N R N N N I I U N U N N U I R U I V C V V N U N
Seine net N N N N Y V C U I N C N V C V I N V C N Y C C C C R V C C N V C
Mosquito net N N I N U N N I Y N N N N N I N N I N U C R N U R C V C N I N
Beach seine (by foot) U N N N Y Y C U I C C N N U R I N C R N Y U C C C R C V U N U N
Purse seine/Ring net N N I N Y V I U I N Y N V I I I N V C N R U I C U C V N U N U N
Trawls /dragged nets C N N N Y V N C Y Y N R V V R I Y N C C N N U V C C U U R N U N V R
Hand trawls N V N N Y R Y U N N R N N N U I N N I N Y R I C N I U C N U N U N
Fish fence N N I N Y V C R N N Y N N R C I R V I N R V I C R U V C N U N U N
Gi l l nets I R N R N V V N C Y C R V V V V Y V V C N C N V C V V C N U N R V R
Spear, sharp p N V N N N U Y U Y R N N V R N I N N I N R N C C R Y V C C U N U N
Spear gun R V N N Y R Y U Y C N C V R U I N N C N U N U C V Y V R C U N U R
Traps , natura l materia ls N V N N R N N U Y V R C N U N I N R I N R R V C R I V V R U N U N
Traps , non-natura l C V N R R V V Y U Y Y R R R V R I Y V V I N R V V R V I U N U N N V C
Hook and hand l ine N V I R R V C R Y Y C R U V R C Y C C R N Y C V C V Y V V C V C V C
Hook and l ine with rod Y R Y R V V C I Y Y R N C N C C I C N C N Y C V R V Y U U U N V V C
Long l ine (many hooks ) N R I N R U N N Y U N V V V V I C N C N Y U V U R I V C I I N V R
Explosives N N N N N Y R U N N N U R U I I N N I N N U U C N N R N I N N U N
Cyanide N N N N N Y N N N N N N N I N I N N I N N U U C N N R U I N N U N
Bleach N N N N N Y N N N N N N N I N I N N I N N U U R N N U U I N N U N
Poison N N N N N Y N N N N N N I I I N N I N N U U R N N C U I N N U N
For what purpose are fishers fishing in the seagrass in your country, region or local i ty?








I I don't know/NA


























































































































































































































































































































BIOREGION 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6
HDI 4 4 4 4 4 4 4 3 3 3 4 3 1 4 4 3 3 4 4 4 4 4 2 4 3 2 4 4 2 1 1 1 2 4 4 4
Invertebrates Y Y N N Y U C N Y C R I Y U N Y C V Y N Y V V V C Y V V V V N R
Shel lfish Y C Y N N Y C C N N Y C N R N R N Y V V Y Y Y R V V R Y V V V V N U R
Squid N N N N N N N N N U R C N N Y U V Y N Y R V V R U V Y I N C
Octopus N N N N N N N N Y R I C C N N Y R R N Y R V V R V V I I N R
Lobster/crayfish I Y N N N N N N Y R U R R N N Y N N N Y R V R C U V I I N N
Crab I Y N N Y V C N Y R N R R N Y C V Y N Y R V V C Y V V V V N C
Sea cucumber (Holothurian) N N N N N N N N Y N N N N N N Y C V Y N N R V V C Y V C I I N N
Biva lves , clams, oysters C Y N N Y V C N N R N R N R R Y V V Y N Y V V V R V V N V N U C
Aquarium trade species N N N N N R R C N N N I U U N Y U N I N N R U C R I U U N I N N
Seahorses N N N N N R N N N N N N N V R Y U N I N N R R V R U U U N C N N
Shark N N N N Y R N N Y N C N N N N I U N Y N R U I R N U U R N I N C
Rays I N N N N Y N R Y U C N R N N Y C C I N R R I R R U U C N I N N
Fish, in genera l Y Y Y Y V C R Y Y C C V V C V Y V V Y N Y C V V C Y V V V V C Y V
Juveni les N N N Y U N R Y R I N C I N I N V I N N U C V R V V V V N N
Very smal l fish for drying N N N N N U N N N N N N N I N I R N I N N U I V N U V V V V N N
Rabbit fish (Siganidae) N N N N N U N N I N N V V N N Y U C I N Y R V V R Y V V V V N N
Parrot fish (Scaridae) N N N N N U C N N C N V V N N I R N N N C R I C I Y V V V I N N
Snapper (Lutjanus) N N N N N C C R I R N N N I N I R C N N Y R V C C Y V V V V N R
Emporer (Lethrinidae) N N N N N I I N I N N N V I N I U C N N Y U V R I Y V V Y I N R
Goaish (Mul l idae) N N N N N I I R I C N V V I N I N C N N Y U V C I Y V V Y I N N
Garfish (Belone) N N Y N N R I R I R I Y R I N I N R N N Y U V Y C V I I N Y C
Mul let (Mugi l ) I N N N N R R N Y Y R C Y V C I I C V N N Y U V C I Y V C Y I C R R
Herring (Clupeidae) I N Y N N C N N Y Y R I N V C I I C C Y N Y U V C C U I N I N N
Perch (Perca) N N Y N N C N N I N I N V I I Y R N I N Y U I I U V N I N N
Grouper (Serranidae) N N N N N R N N Y R Y U V I I I U R N N C R V V I V V Y V N N
By foot C V Y N N R R C N Y Y U R N N N N Y C N N Y Y Y V V R Y V V V V C U R C
By swimming N I N N R N C N N R N Y N U N I U N N N Y N V V R Y U V V I N R N
By snorkel ing N I N N Y N C N Y Y C N C C U N I U N Y N Y N U V R Y U V V I N R R
Canoe (no engine) I Y N N Y R C R N Y U N N N U N I U N R N Y R U V N I V V V V R R R
Sa i l boat I Y N N Y R U N N U Y N N U Y I N N I N Y N U R N I V V C V N R N
Motor boat C C Y Y Y Y V C C Y Y C U V V C Y Y V V Y N Y V V C Y V R N I V R V V
Scuba diving U Y N N R R N N Y N N U R R N I N N Y N N U R N I U R N I N C N
Free diving R I N N N R Y N Y Y C N C C R N I C R Y N Y N U V R I V V N I N R R
Other N N I N N N I N N I N C I
What does the fishery target in seagrass habi tats in your country, region or local i ty?
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the	way	 to	 access	 seagrass	 areas.	 PCA	of	 the	 transport	 data	 deter-
mined	three	principal	components,	which	all	had	eigenvalues	greater	
than	1	and	together	accounted	for	64%	of	the	variability	in	the	data	
(Figure	3d).	 The	 first	 two	 principal	 components	 accounted	 cumu-
latively	 for	49%	of	 the	variability.	Five	variables	correlate	 (using	 the	
Pearson’s	 correlation	 coefficients	 of	 ≥3)	with	 the	 dominant	 compo-
nent	 PC1.	 These	 were	 swimming,	 snorkelling,	 canoe,	 SCUBA	 and	
freediving,	thus	largely	the	cause	of	the	separation	among	cases.	There	
are	 no	 clear	 trends	with	 respect	 to	 bioregion	 across	PC1;	 however,	
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(purpose,	method,	 target	 and	 transport)	 from	 all	 the	 36	 case	 stud-
ies	 (Figure	5).	This	overlapping	pattern,	with	no	 significant	 explana-
tory	variables	clearly	separating	the	data,	 indicates	high	similarity	 in	
seagrass	 fishery	 activity.	 PCA	of	 the	 data	 determined	 five	 principal	
components,	which	all	had	eigenvalues	greater	 than	1	and	together	
accounted	for	48%	of	the	variability	 in	 the	data	 (Figure	5).	The	first	
two	 principal	 components	 accounted	 cumulatively	 for	 27%	 of	 the	
variability	with	no	variables	correlating	 (using	the	Pearson’s	correla-
tion	 coefficients	 of	 ≥3)	well	with	 any	of	 the	dominant	 components	
(PC1	and	PC2).
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between	 purpose-	method,	 purpose-	target,	 purpose-	transport,	
method-	target,	 method-	transport	 and	 target-	transport	 (Figure	6).	
Although	 this	 quantitative	 approach	 only	 provides	 a	 very	 broad	
assessment	of	 the	 systems	 in	question,	 these	 correlations	 indicate	
that	when	target	species	are	diverse	then	people	adapt	to	this	and	








use	 less	 diversity	 of	 gear	 and	 target	 fewer	 species,	while	 countries	
with	lower	HDI	use	more	basic	gear	and	modes	of	transport	(Table	1;	





a	 global	 scale,	 we	 find	 all	 capture	 fishery	 gear	 types	 described	 by	
the	 FAO	 (FAO	Fisheries	&	Aquaculture	 2017)	 are	 practiced	 in	 sea-
grass	ecosystems,	spanning	small-	scale,	artisanal,	recreational	(sport),	
commercial,	 subsistence,	 traditional	 and	 industrial	 fisheries.	 Based	
on	 our	 findings,	we	 argue	 that	most	 of	 this	 fishing	 activity	 is	 small	
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of	their	role	as	fishing	grounds	has	been	scarcely	acknowledged	with	
implications	 for	 their	poor	 recognition	 in	 conservation	management	








































(mobile)	 fishing	gears,	 but	 still	 cause	unwanted	mortalities	 at	 popu-
lation	 level	 (Uhlmann	 &	 Broadhurst,	 2015).	 Traps,	 if	 used	 correctly	
and	 following	appropriate	 legislation,	have	 the	potential	 to	be	more	















American	 countries	 and	 India).	This	 is	most	 likely	 a	 consequence	of	





the	poorest	members	of	 the	 community.	As	 the	number	of	 reasons	
(purposes)	 in	 a	 location	 for	 fishing	 in	 seagrass	habitats	 increases	 so	
does	 the	diversity	of	methods	used,	diversity	of	 target	 and	ways	of	
accessing	the	seagrass	fishing	grounds.








et	al.,	 2010;	 Unsworth,	 Hinder,	 Bodger,	 &	 Cullen-	Unsworth,	 2014;	
Kleiber	 et	al.,	 2015).	 Given	 the	 high	 variability	within	 our	 data	 that	
potentially	masks	 any	 key	 differences	with	 respect	 to	HDI,	 it	 is	 im-
portant	that	further	research	in	this	topic	considers	the	 influence	of	
socio-	economic	context	on	the	importance	and	structure	of	seagrass	
fisheries.	 In	 addition,	 given	 the	 increasing	 global	 trend	 of	 fisheries	
overexploitation	(FAO	2016),	it	is	reasonable	to	expect	that	seagrass	
fisheries	are	similarly	in	a	poor	state.






of	 seagrass	 (Waycott	 et	al.,	 2009)	may	 also	be	negatively	 impacting	
this	provision	of	ecosystem	services	of	seagrass.
The	 lack	of	available	 information	about	 seagrass	 fisheries	opens	
up	widespread	 future	 research	opportunities	 and	 is	 the	 reason	why	
we	 conducted	 an	 expert	 elicitation	 study	 in	 combination	with	 a	 lit-
erature	 search.	 Studies	based	on	expert	 elicitation	 are	highly	useful	
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Seagrass	meadows	are	vital	 ecosystem	 service	providers,	 but	 for	
these	 services	 to	 be	maintained,	more	 effective	 and	 proactive	man-











































ing.	 The	 seagrass	 fishery	 has	 subsistence,	 commercial	 and	 recre-
ational	value,	and	almost	all	available	fishing	methods	and	gear	are	
used	in	seagrass	meadows.	Depending	on	location,	the	diversity	of	
target	 species	varies	 from	a	 few	species	 to	basically	anything	one	
can	 find	 that	 can	 be	 eaten,	 sold	 or	 used	 as	 bait.	 Given	 that	 sea-
grass	 meadows	 are	 widely	 threatened	 and	 loss	 occurs	 at	 alarm-
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